i\tistract The purpose of this study was to implement a primary prevention program in the workplace targeted to prevent muscle strains. Physiologic and perception measurements were taken before and after participation in a stretching program developed to improve flexibility through conditioning. A one group pre-test post-test design was used with 60 employees enrolled in a 36 session stretching program in the workplace. Flexibility was measured by a flexibility profile including the sit and reach test, bilateral body rotation measurements, and shoulder rotation measurements. A statistically significant increase was found in all flexibility measurements at the conclusion of the study for the participants as a total group. Perception, as measured by the Fox Physical Self Perception Profile, was statistically significant in relation to participants' perceptions of their body attractiveness, physical conditioning, and overall self worth at the program's conclusion. In addition, participants who completed the program had zero occurrences of musculoskele-
tal injuries during the 2 month period. The results of this study suggest that continued development and implementation of stretching programs in the workplace may benefit employees by increasing flexibility and potentially preventing injuries due to muscle strains. Stretching programs in the workplace also may improve components of employees' perceptions of their physical bodies. I nteractions between employees and their work environment are increasingly complex. Physical activity required in the workplace for light manufacturing often includes prolonged periods of keyboard use, repetitive tasks, and constrained postures (Lee, 1992) . Musculoskeletal injuries routinely occur in industry. Back injuries, primarily strains from overexertion, result in pain in employees and significant expenses related to treatment and recovery for both employees and employers. Low back pain costs U.S. industry millions of dollars in lost wages and productivity annually (Simonson, 1994) .
The impact of cost effective, employee supported injury prevention programs is therefore of interest to business. The implications of increased flexibility and improved employee perception of well being, and perhaps ultimately reduced musculoskeletal injuries, could result in acceptance by U.S. industry to include daily stretching as a regular work practice.
This study was undertaken to quantify physiologic and perception measurements of employees in a workplace stretching program developed to improve flexibility through conditioning. The purpose of the project was to implement a primary prevention program aimed at improving flexibility through stretching in a light manufacturing setting, in an attempt to ultimately prevent muscle strains.
Project goals included measuring the extent muscle flexibility changed in individuals during the 2 month study period, as well as measuring the impact of the stretching program on employee physical self perception. Data related to the number of occupational musculoskeletal injuries experienced by participants during the study period were also collected.
This study is of significance in the development of occupational health promotion programs because it systematically measures the impact of stretching in the work environment for employees in a light manufacturing plant. Primary prevention programs offering research based techniques that contribute to the prevention of injuries have been shown to be useful in eliminating secondary and tertiary health care costs associated with treatment of musculoskeletal injuries and repetitive motion injuries.
LITERATURE REVIEW
Ergonomics is one method used in matching workers' physical attributes with job requirements and engineering designs while meeting production demands (Lee, 1992) . The need to retain skilled workers, provide a safe work environment, and proactively initiate programs that keep employees working at an optimum level has resulted in a variety of health promotion programs at the worksite.
Incorporating knowledge and concepts from athletic stretching programs could benefit individuals in the work environment. Stretching and warm up routines are considered basic elements in athletic workouts (Bandy, 1994; Smith, 1994) . Stretching exercises designed for employees to tone specific muscle groups prone to fatigue could increase employees' flexibility and help build endurance to prevent muscle strains (Saunders, 1992) . Additionally, a stretching program can affect employee physical and mental health (Simonson, 1994) .
As part of an ergonomic program, Ethicon provided an on site exercise program to prevent workplace injuries through increasing muscle strength and flexibility (Luntz, 1987) . The voluntary program was 7 minutes long and was performed twice a day. Reported outcomes were posture improvements, increased joint flexibility and muscle extensibility, improved balancing muscle tone, improved blood flow, reduced risk of inflammation, and reduced stress. The results were based on health questionnaires, wellness surveys, worksite analysis, and medicallhealth surveillance data. No statistical data were provided (Luntz, 1987) . Simonson (1994) compiled information about one workplace conditioning program. The program included five flexibility measures. Shoulder extension, trunk extension, sit and reach, hip flexor, and sit up ability were tested. Pre-and post-tests were completed. No specific statistical data were described. The program was evaluated annually and reported as improved mean scores in flexibility (Simonson, 1994) .
Subaru-Izuzu, an automotive plant, implemented a stretching program twice a day for 5 minutes at its workplace. The program was targeted to keep muscle strains and repetitive motion injuries to a minimum. According to Gunsch (1993) , no baseline data were collected. However, there was an estimated 30% to 40% cost avoidance in rehabilitation costs. The company reported positive morale from the program through feedback from employees.
Research related to stretching programs primarily focuses on athletic training and confirms physiologic benefits of stretching, resulting in acceptance of routine stretching by athletes for optimal performance and injury prevention (Stone, 1990) . Musculoskeletal injury reduction is one rationale for implementing stretching programs in the workplace (Gunsch, 1993) . While some organizations in the United States are beginning to address injury prevention through stretching programs, few studies have been published. A review of the literature for workplace stretching programs revealed few research studies using standardized physiologic and perception measurement tools. None were found that specifically measured physical self perception outcomes in the workplace.
RESEARCH QUESTIONS
Two research questions guided the study: • Does a stretching program increase flexibility in individuals in the workplace? • What is the impact of a 2 month stretching program on employee physical self perception?
METHODOLOGY

Sample and Setting
All employees of one pharmaceutical manufacturing plant in eastern North Carolina were invited to participate in the study. Participants were recruited for the study through a flyer distributed during team safety meetings. Information in the flyer explained the program, described what the subjects would be asked to do, the daily time needed to participate, and the length of the program. The study was described as a research project evaluating physiologic and perception measurements prior to and following participation in a 2 month stretching program in the workplace.
Although participants received no monetary compensation, they received "points" in a comprehensive wellness program already implemented at the facility. Accruing points allowed individuals to qualify for prize drawings at the end of the year. Participants were given key chains when they were initially measured for flexibility and completed pre-program questionnaires. Participants received a pen when they returned for the post-program questionnaire and measurements.
The plant population consisted of 353 individuals-272 permanent employees and 81 employees from a temporary agency. The population was 54% male and 46% female. In addition, the plant population was 59% white, 39% African American, and 2% other races. Employees' ages ranged from 21 to 62 years (mean, 42). Ninety-two individuals (26%) enrolled in the program. Of the 92 enrolled, six were dropped from the study because they did not participate in any stretching sessions. An additional 25 individuals did not return for scheduled post-test measurements within 2 weeks following the conclusion of the program. They were not included in the results. One individual with a history of previous back strains experienced a back strain unrelated to the program and discontinued program participation. The group of 32 enrolled participants not completing the program was 59% male and 41% female, 59% white and 41% African American, with ages ranging from 26 to 58 years (mean, 40) (see Table I ).
Sixty participants completed the program portion. Participant ages ranged from 23 to 59 years (mean, 39). The participant population was composed of 68% white employees and 32% African American employees; 49 (82%) of the subjects were female and II (18%) were male. The demographic profile of participants differed from the general plant population in that a greater number of participants were female and white. In addition, the mean age of participants was 39, while the mean age of the plant population was 42.
Study·Design
The one group pre-test post-test design was used in the study. The design was selected to examine the degree to which the stretching program affected flexibility and perception of physical self perception through measurable outcomes.
Measures
All subjects were screened by the Health Services Department prior to implementation of the program. No general exclusions were established. Pregnancy and other health conditions were evaluated on an individual basis. Informed consent was obtained from all participants during the health screening. Subjects were assigned a code used on all data to maintain confidentiality.
DATA COLLECTION
All participants were measured for flexibility prior to the program start date. Each subject was measured by the occupational health nurse, investigator from the Health Services Department. The evaluator was trained DECEMBER 1998, VOL. 46, NO. 12 by an expert with extensive experience using measurement equipment. Intrarater reliability tests were not conducted. Prior to all flexibility measures, all subjects warmed up by gentle stretching. Physiologic flexibility was measured by a flexibility profile consisting of: • The sit and reach test. • Right body rotation. • Left body rotation.
• Shoulder rotation measurements.
Sit and Reach
The sit and reach box measures the flexibility of the lower back (including the lumbar erector spinae muscles) and posterior thighs (including the hamstrings). A standard pre-assembled metal sit and reach box was used. The box was 12 inches X 21 inches.
A standardized sit and reach test was used with reliability reported> .84 (Texas Governor's Commission on Physical Fitness, 1988). Measurements were recorded to the nearest Y2 inch. Three trials with the sit and reach box were recorded. The scores from the three trials were averaged for a final score.
Body Rotation
The body rotation measures flexibility of the hip, abdominal, chest, back, ne.ck, and shoulder muscles and the hip and spinalliganle'nts (Hoeger, 1994) . The body rotation measurements were obtained for both the right and left sides of the body. A standardized protocol was used (Hoeger, 1995a) . Measurements to the nearest Y2 inch were taken when the position was held for 2 seconds. Three trials were taken on each side with the average used as the final score. Reliability estimates for internal consistency for right and left body rotation testing ranged from .91 to .92 and stability reliability estimates ranged from .75 to .89 (Hoeger, 1994 (Hoeger, , 1995a .
Shoulder Rotation
The shoulder rotation test measures the flexibility of the deltoid, latissimus dorsi, and pectoral muscles and shoulder ligaments (Hoeger, 1995a) . The biacromial width of each participant was measured to the nearest 1J4 inch between the lateral edges of the acromion processes of the shoulders. A rod held by a reverse grip was brought over the head. Using a standardized protocol (Hoeger, 1995a) for shoulder rotation, repeat trials were taken until the subject began to bend the elbows. Measurements were taken to the nearest V2 inch. The final score was determined by subtracting the biacromial width from the distance between both hands. In the shoulder rotation test, lower scores show greater flexibility. Reliability estimates for the shoulder rotation testing were .92 for internal consistency and ranged from .85 to .98 for stability reliability (Hoeger, 1994 (Hoeger, , 1995a .
The Physical Self Perception Profile
Physical self perception was measured by The Physical Self Perception Profile (PSPP) (Fox, 1990) . The PSPP was conducted at the same time as the flexibility profile. The PSPP consisted of five subscales pertaining to sports competence, physical strength, body attractiveness, physical conditioning, and overall self worth. Each subscale consisted of six questions. The self explanatory questionnaire was administered prior to and following the stretching program time period, at the same appointment during which the flexibility profile was completed. All of the post test measurements were obtained within 2 weeks following the program's conclusion.
The Physical Self Perception Profile scores were analyzed by paired t tests. Cronbach 's alpha for the five subscales ranged from .81 to .92 (Fox, 1990) . The self administration format of the PSPP resulted in some participants omitting responses and others providing more than one response on some questions. If one of the six questions was omitted in a subscale, or if a question was given more than one response, the subscale was excluded. Complete data for all subscales on both pre and post tests were available for 46 of the 60 participants .
A one group pre and posttest design was used. The data were analyzed by a paired t test using a SPSS program.
Musculoskeletal Injuries
Musculoskeletal injuries were measured in two ways. All participants were instructed to report all injuries to the occupational health nurse in Health Services as outlined in the consent form. Also, during the initial leader training, all stretching leaders were instruct-566 ed to report any injuries experienced during the program to Heath Services and to send the injured individual to Health Services for an evaluation.
Attendance
Attendance was recorded on daily log sheets by participant signature. The stretching leaders turned the sheets in to the occupational health nurse weekly.
Intervention
The stretching sessions were held on 36 scheduled work days at five specific times during each of those days. The stretching sessions lasted between 5 and 8 minutes. All stretching exercises were designed to be performed in a standing position without the use of equipment (see Figure) . Stretching was held on employees' time. Employees did not participate during paid work time. Stretching leaders were employees who volunteered to participate in a 2 hour training session taught by a physical therapist. Leaders chose music for the stretching sessions. Each session included specific neck, shoulder, arm, trunk, hip, back, and leg stretches.
A physical therapist provided a training session for employees who volunteered to be stretching coaches for their coworkers. The training included information about the physical benefits from stretching and correct techniques for stretching. Specific exercises were taught for the shoulders, hips, legs, and back, as the flexibility profile measured muscle flexibility in these areas.
RESULTS
Attendance ranged from 7 to 35 sessions (mean, 20) out of a possible 36. All participants had an increase in each of the four post-flexibility measurements (the 2 month program excluded holidays and weekends which resulted in stretching sessions held on a total of 36 days). However, each individual did not have a statistically significant increase in flexibility in the right and left body rotation measurements.
All 60 participants received the pre-and post-test flexibility measurements previously described. The flexibility profile was analyzed using a paired t test (see Table 2 ). The flexibility profile showed a statistically significant increase in flexibility in all areas tested including the sit and reach test, right and left body rotation, and shoulder rotation for the total group. All four flexibility measurements were obtained in inches.
A statistically significant increase occured in subscales measuring perception of physical conditioning, body attractiveness, and overall self worth (see Table 2 ). The subjects did not show statistically significant increase in perception on the subscales for sports competence or physical strength. The possible range of values in the five, 6-item subscales was from 6 to 24 in the PSPP (Fox, 1990) .
The study found that in comparing attendance, individuals attending between 7 and 12 sessions showed a statistically significant improvement in flexibility in the sit and reach and shoulder rotation measurements. This group did not show a statistically significant improvement in the right and left body rotation measurements (see Table 3 ). The participant group attending 13 to 19 sessions and 20 to 27 sessions showed the greatest physiologic improvements in stretching with all physiologic measurement increases statistically significant. Participants who attended 28 to 35 sessions did measure statistically significant improvement in the flexibility profile in the sit and reach flexibility and right body rotation (see Table 3 ). These participants did not show a statistically significant improvement in the left body rotation or shoulder rotation measurements (see Table 3 ).
No musculoskeletal injuries were reported by participants completing the 36 session program. Also, no musculoskeletal injuries were reported by stretching leaders. Both were expected. This resulted in 92 employees enrolled in the program, with 60 employees completing the program.
During the period before program implementation, there were a total of four occupational musculoskeletal back injuries in the plant population in the previous 12 month s.
DISCUSSION
This study was undertaken to assess the effect of a program on participant flexibility. Physiologic measurements showed an increase in flexibility in all areas targeted by the profile. It is clear all subjects participating showed an increase in flexibility. This study found that in comparing attendance, the group attending between 7 and 12 sessions did not have a statistically significant increase in right and left body flexibility measurements. Additionally, participants attending 28 to 35 sessions showed statistically significant increases in the sit and reach and right body flexibility, but not in the left body or shoulder rota- DECEMBER 1998 , VOL. 46, NO. 12 tion flexibility measurements.
Perception measurements of overall self worth, body attractiveness, and physical conditioning were measured ' by the PSPP and were statistically significant following the program. These results were consistent with the experience in the literature that stretching does improve muscle flexibility and conditioning, regular exercise increases muscle tone and physical attractiveness, and integrating routine physical fitness contributes to one's general sense of well being (Bandy, 1994; Fox, 1990; Gunsch, 1993; Moffatt, 1988; Simonson, 1994; Smith , 1994; Stone, 1990; White, 1986 ). Subjects did not show an increase, in physical strength or sports competence, and no weight training or aerobic activity were incorporated into the stretching program. The results of the PSPP are consistent with expectations from the literature review (Fox, 1990; Hoegger, 1995a; Kenyon , 1971 ).
LIMITATIONS
Upon duplication of the study, additional information about participants' preprogram and concurrent conditioning routines need to be included in the data analysis. Addition of a control group to the study rather than using the one group pre-test post-test design to strengthen internal validity needs to be considered.
Another limitation of the study was using one evaluator for the flexibility profile. The evaluator was trained by an expert with extens ive experience in measurement equipment. No intrarater reliability testing was performed.
A limitation of the PSPP is that the profile had been used specifically with young , college student populations. In the study sample, the PSPP was used with young and middle aged adults. In addition, the PSPP does not take into consideration the importance attached by individuals to their respective level of sports competence, physical attractiveness, physical strength, physical conditioning, and overall self worth. The purpose of the instrument in this study was to measure change and not the value or level of importance to the participant.
FUTURE ISSUES AND IMPLICATIONS
An additional area that merits further investigation is popu lation attrition. The demographics of the total employee population of the plant was similar to that of the subjects who dropped out of the study. While the focus of this study was not to evaluate attrition rates, a further study may provide additional information related to participation barriers .
Long term studies are needed to document if the results of increased flexibility and improved perception of self are maintained, as this study was limited to 36 sessions. Ongoing feedback from participants about ideas to keep the stretching sessions enjoyab le and to sustain participation in long term stretching programs needs to be developed in future programs .
The study suggests that continued development and implemen tation of stretching programs in the workplace may benefit employees by increasing flexibility and potentially preventing injuries due to muscle strains. Stretching programs in the workplace also may improve components of employees' perceptions of their physical bodies.
568
What Does This Mean for Workplace Application?
Primary prevention programs offering research based techniques that contribute to the prevention of injuries are useful in eliminating secondary and tertiary health care costs assoc iated with the treatment of musculoskeletal injuries.
Continued developmen t and implementation of stretching in the workplace may benefit employees by increasing flexibility and potentially preventing injuries due to muscle strains, along with contributing to employees' sense of general well being.
